Objectives: To assess gender differences in training-related electrocardiographic (ECG) patterns of athletes, highlighting the importance of these differences for ECG interpretation used in the cardiovascular screening of athletes. Design: Observational cross-sectional study. Methods: 315 athletes were enrolled in the study (150 males and 165 females, mean age 23, 7±6,6 and 20,7±6,8, respectively). All study participants underwent clinical examination and 12-lead electrocardiogram (12-lead ECG), scored according to 2017 International recommendations for electrocardiographic interpretation in athletes. Results: Males were older (23,7±6,6 years vs. 20,7 years±6,8; p<0,0001) and had more years of training (11,8±6,7 vs. 9,07±6,1; p=0,0003) than female athletes. Female athletes had significantly higher resting heart rates (67/min vs. 61/min; p<0,0001) and QTc intervals (424,5±19,4ms vs. 338,6±22,3ms; p<0,0001). Male athletes were more likely to have isolated QRS voltage criteria for left ventricular hypertrophy (Sokolow-Lyon index) (2,6±0,8mV vs. 2,05±0,5mV; p<0,0001) and QRS duration (96,1±13,1ms vs. 86,9±9,4ms; p<0,0001). Sinus bradycardia <50bpm was more commonly seen in male athletes than in female (14% vs. 5,45%; p=0,009). Sinus arrhythmia occurred more frequently in female athletes (21,8% vs. 12,6%; p=0,03). Conclusions: This study demonstrates gender-related differences in ECGs of trained athletes that should be considered in their cardiovascular screening.
Introduction
Electrocardiographic changes in athletes are common, comprising all the structural, physiological and electrical remodeling of the heart induced by regular and sustained physical exercise [1] . It is well established that cardiovascular preparticipation assessments results are influenced by type, intensity and duration of training and may change over time [2] . Over the years, in an effort to distinguish normal athlete ECGs from pathological ones, standardized criteria have been introduced. Starting 2005, when Corrado et al. [3] introduced the Lausanne ECG criteria for athlete′s ECG interpretation, a number of recommendations have been proposed in order to improve sensitivity and specificity: the 2010 European Society of Cardiology (ESC) updated version [4] , the Seattle Criteria introduced by Drezner et al. in 2013 [5] , finally the 2017 International recommendations for electrocardiographic interpretation in athletes [6] .
Factors such as age, gender, ethnicity, type of sport, intensity of training, neurohumoral and environmental influences are mentioned when describing cardiac remodeling in athletes. Based on the mechanical action of the muscles involved, Mitchell et al. [2] divided exercise into two types: dynamic and static, both producing an increase in cardiac mass. This finding has been debated in numerous electrocardiographic and echocardiographic studies [7] [8] [9] .
It is well known that gender influences both structural and electrical cardiac remodeling in athletes, regardless the age and type of training. But the international recommendations for ECG interpretation use the same normal range values for male and for female athletes, except for the long QT criteria, which is gender-related [10] . The effects of sports on ECG parameters have been debated in numerous studies, but most are related to male athletes, while few data are available regarding the effect of long-term exercise training on the woman's heart [11] .
The present study aims to evaluate electrocardiographic gender-related differences in highly trained young athletes, while highlighting the implications of these differences in their cardiovascular screening. The study was performed according to the tenets of the Declaration of Helsinki and the University Ethics Committee approved the research protocol. Informed consent was obtained from all subjects prior to the study.
Material and methods
Electrocardiographic assessment. Standard 12-lead ECG was acquired at a paper speed of 25mm/s and a scale of 10mm/mV, using a General Electric MAC5500 machine. The tracings were analyzed by an experienced observer, who was blind to the characteristics of the patients. The assessment comprised the heart rhythm and rate (HR; bpm), PR interval, QRS duration, amplitude and axis, STJ amplitude, T wave morphology, QT interval, corrected QT interval calculated according to the Bazett's formula.
All ECG tracings were assessed for the presence of supraventricular, junctional or ventricular arrhythmias. Sinus bradycardia in athletes was defined as a resting HR <50bpm, sinus arrhythmia as heart rate variation with respiration, first-degree atrioventricular block as prolonged PR interval >200ms; incomplete right bundle branch block (iRBBB) as an rSR' pattern in lead V1 and a qRS pattern in lead V6 with QRS duration <120ms. For isolated QRS voltage criteria of left ventricular hypertrophy (LVH), we used the Sokolow-Lyon index (V1+R V5 or V6 >3.5mV). The ECG tracings were also evaluated for the presence of early repolarization (ER), which was defined as J point (offset of QRS complex) elevation, ST elevation, J waves, or terminal QRS slurring in the inferior and/or lateral leads (6) . The variant for black athlete's repolarization consists in a J-point elevation with a convex ST segment elevation, followed by T wave inversion in V1-V4 leads. Regarding the athletes aged under 16, T-wave inversion in V1-V3 was considered normal finding. All ECG tracings were also assessed for the presence of ventricular preexcitation. According to guidelines, short-PR interval without delta wave has been reported as a normal variant of an athlete's ECG.
Statistical analysis was performed using XLSTAT 2014 for MS Excel (Addinsoft SARL, Paris, France). Results are reported as mean±standard deviation (SD). The Student-t test was used to compare the continuous variables, when the normality hypothesis was met; if not, non-parametric tests (Mann-Whitney or Kruskal-Wallis) were performed. The categorical variables were analyzed using Chi-square test or Fisher's F test, as appropriate. A p <0.05 value was considered statistically significant for the comparison of several groups.
Results
In this study, we included 315 athletes: 150 males and 165 females. Most of the subjects were involved in basketball, followed by volleyball and athletics (Fig.1) .
Fig.1. Relative frequency of sport type, by sex groups
Male athletes were older (23,7±6,6 years vs. 20,7 years±6,8; p<0,0001) and had more years of training (11,8±6,7 years vs. 9,07±6,1 years; p=0,0003) than female athletes. The subjects had negative family history of sudden cardiac death.
The anthropometric data such as height, weight and body surface area were significantly higher in male athletes than in females. Mean values and standard deviations for all population characteristics are presented in Table 1 . 
vs. 86,9±9,4ms; p<0,0001) were seen in male athletes. More frequent sinus bradycardia <50bpm was also seen in male athletes (14% vs. 5,45%; p=0,009), while female athletes had significantly higher resting heart rates (67/min vs. 61/min; p<0,0001) and higher QTc duration (424,5±19,4ms vs. 338,6±22,3 ms; p<0,0001). Electrocardiographic changes are illustrated in Table 2 As shown in Table 3 , sinus arrhythmia occurred more frequently in female athletes (21,8% vs. 12,6%; p=0,03). We found no significant gender-related differences in PR interval duration, QRS axis, incomplete or complete RBBB and first-degree atrioventricular blocks or early repolarization pattern. 
Discussion
The athlete's heart is defined by the physiological changes in cardiac morphology and electrophysiology, as a result to regular and sustained training [5] . The electrocardiographic examination (12-lead ECG) is mandatory in cardiovascular screening in athletes, being scored according to the guidelines. Hence, ECG interpretation in athletes can reveal trainingrelated pattern or an underlying pathology. In 2010, the Sports Department of the European Society of Cardiology proposed the division of athletes' ECG changes into two groups: the first group (group 1) comprised the common, training-related ECGs changes and the second group (group 2), the uncommon and trainingunrelated changes. The guidelines recommended that an athlete with a change from group 1 does not require further assessment, while an athlete with an ECG change from group 2 should be proposed to further investigation [4] . Over the last decade, efforts have been made to update the criteria for the interpretation of the athletes' ECGs to improve their specificity, while retaining high accuracy for detection of underlying pathology or of those at risk of sudden cardiac death. Thus, in 2013, a group of experts published the Seattle criteria, which became widely used [5] . In 2014, Sheikh et al. proposed further updates to the interpretation of ECG. A 'borderline group' had been separated, thus recognizing that selected changes from group 2 according to the ESC (i.e. left and right atrium enlargement, left axis deviation, right axis deviation, complete RBBB and right ventricular hypertrophy) would be treated as benign, if presented in isolation [12] .
The effects of exercise on ECG parameters have been matter of debate in numerous studies, mainly related to male athletes, while few data are available regarding the effect of long-term exercise training on the woman's heart [5] . It is well known that gender influences both structural and electrical cardiac remodeling in athletes, regardless the age and type of training, but the international recommendation still uses the same normal range values for male and for female athletes, except for the long QT criteria, which is different and gender-related [10] .
Mandic et al. [13] assessed the effect of gender on computerized electrocardiogram in 658 college athletes (54% male athletes) and found that larger QRS duration, PR interval, Q wave duration and J point amplitude were seen in male, while women displayed higher QTc intervals, similar finding to our study. As concluded by Mandic, electrocardiographic measurements correlated poorly with anthropometric dimensions such as body surface area.
In 2014, Wasfy et al. [14] summarized gender-related ECG differences in a group of 330 competitive rowers as a reference for other ECG screenings in rowers, but did not debate possible implications for screening in pre-participation assessment. The authors noticed greater amounts of left ventricular hypertrophy and early repolarization in male vs. female athletes.
Recently, in the study led by Bessem et al. [15] on 1436 athletes, of which 72% were male, the results were closer to ours. They found that male athletes had significantly more sinus bradycardia, QRS duration, and isolated QRS voltage criteria for LVH, whereas female athletes had a significantly higher resting heart rate, findings which were similar with our observations. As opposed to our study, they also found that PR interval, incomplete RBBB and early repolarization is more common in male vs. female athletes, while sinus arrhythmias, and first-degree AV blocks showed no gender-related differences, while we found that sinus arrhythmia is more common in female athletes.
In our country, the lack of guidelines on preparticipation examination is a major matter of debate, 12-lead ECG being the main tool and mandatory for cardiovascular disease screening in athletes. Therefore, in sports medicine, the impact of an abnormal electrocardiogram is outstanding, being merit for further investigation [15] .
All these findings prove that gender, beside type of sport, intensity of training and inherited genetic factors, is a strong determinant of the cardiac remodeling in athlete's heart and by using different and gender related cut-off values, efficacy and accuracy of routine ECG interpretation in preparticipation assessment of athletic population may be improved, with fewer false-positive or false-negative screening results.
The limitation of our study consists in the heterogeneity of our study population, regarding the age and type of sports discipline. Another limitation is the lack of a matched non-athletic group by age, sex, height and weight, which would have allowed us to compare the ECG parameters and conclude whether gender differences are related to training.
Conclusion
The results of our research demonstrate differences in heart rate, sinus bradycardia, sinus arrhythmia, QRS duration and left ventricular hypertrophy index, when comparing ECGs patterns between male athletes versus female athletes. Our study highlights once more the differences between ECG parameters when related to the gender, but further evidence is needed to establish different cut-off values for interpreting ECG parameters in athletes.
